We present the first in Poland, and among the first in Europe, cases of transcatheter implantation of the biological Sapien Edwards valve in the pulmonary position. The valves were implanted successfully without periprocedural complications in 2 patients with postoperative right ventricular outflow tract dysfunction.
Introduction
Transcatheter implantation of a pulmonary valve has been performed since the year 2000 [1] . Candidates for this procedure include patients after a surgical correction of a heart defect using a pulmonary homograft connecting the right ventricular outflow tract and pulmonary artery in whom homograft dysfunction due to its degenerative changes has occurred. A Medtronic Melody biological valve used for that indication may be implanted only in patients with a relatively narrow right ventricular outflow tract because of its dimension (maximally 22 mm) [2] . The biological Sapien Edwards valve routinely used for transcatheter aortic valve implantation (TAVI) was implanted in the pulmonary position for the first time in 2006 [3, 4] . The sizes of this valve (23 mm and 26 mm) permit its implantation in patients with a wider right outflow tract in comparison to the Melody valve. Below we present the first in Poland and among the first in Europe cases of transcatheter implantation of a biological Sapien Edwards valve in the pulmonary position. The procedures were performed on April 29 th , 2011.
The valve
The biological Sapien Edwards valve (Edwards Lifesciences LLC, Irvine, CA, USA) is routinely used for transcatheter aortic valve implantation ( fig. 1 ). It consists of three leaflets made from bovine pericardium and installed on a self-expandable steel stent. The pericardium undergoes special processing (Thermafix TM anti-calcification treatment) used for surgical Carpentier-Edwards valves. The valve is available in two diameters -23 mm and 26 mm.
Heart catheterization and the procedure
The procedure was performed from the right femoral access under general anaesthesia with intratracheal intubation. The implantation was preceded by right heart catheterization with complete haemodynamic and anatomical assessment of the right ventricular tract, pulmonary trunk and pulmonary arteries. Selective coronary angiography was performed with particular attention to the localization of arteries in relation to the planned site of valve implantation to exclude the risk of coronary artery compression by the expanded valve [5] . Coronary angiography was accompanied by simultaneous expansion of the balloon in the right ventricular outflow tract followed by detailed measurements of that area. The procedure was done in two steps. At first a metal stent (IntraStent Max LD, ev3 Endovascular Plymouth, USA) of 1-3 mm smaller diameter in comparison to the planned valve was delivered on the balloon in the future valve position. Then a Retroflex III system with 23 or 26 mm balloon was used to introduce the valve in the pulmonary position. The valve was installed on the balloon using a specially supplied "clamper" and introduced on a delivery system through a 22 F or 24 F sheath on a rigid guide-wire with a tip placed deep in one of the pulmonary branches. Heparin and one dose of antibiotic (cephalosporin) were administered during the procedure. After the procedure haemostasis was obtained by a single intradermal suture (figs. 2-4).
Case reports Case 1
A 47-year-old patient with a tetralogy of Fallot, after a palliative Blalock-Taussig shunt in 1970 followed by complete correction in 1977, after reoperation consisting of closure of a re-canalized interventricular septal defect, pulmonary homograft implantation and tricuspid valve plasty in 1999, after radiofrequency ablation of the substrate of atrial tachycardia in 2008 was admitted because of significant pulmonary valve regurgitation with moderate stenosis. Despite good physical condition, physical examination revealed oedema of the lower extremities and systolic ejection murmur as well as diastolic murmur most pronounced A control echocardiographic examination performed on the second day after the procedure showed small valve regurgitation with discrete perivalvular leaks; maximal transpulmonary valve gradient was 37 mmHg, mean 23 mmHg. The patient was discharged home in a good general condition on the 3 rd day after the procedure.
Case 2
A 22-year-old patient after complete correction of the tetralogy of Fallot accompanied by right ventricular outflow tract reconstruction with a patch (pulmonary "monocusp" type) in the 3 rd year of life was admitted to the hospital because of severe pulmonary regurgitation. She had complained of exercise intolerance for 2 years. Imaging tests showed a severe regurgitant pulmonary wave (pulmonary regurgitant fraction [PRF] on magnetic resonance imaging was 49%) and dilated right ventricle (EDV/BSA (ml/m 2 ) =144, N: 65-102) with preserved right ventricular ejection fraction (EF 52%). The dimensions of the pulmonary trunk at the level of the pulmonary valve (obtained from the 3D reconstruction of the magnetic resonance angiography) were 15 × 20 mm (mean 17 mm), with dynamic changes throughout the heart cycle. Maximal dimension of the valve was 17 × 20 mm. Susceptibility of the right ventricular outflow tract was assessed before the transcatheter pulmonary valve implantation with a high-pressure Mullins X 22 mm balloon. A balloon of 22 mm diameter did not show a waistline after full inflation (the site of stenosis was extended with very low pressures) (figs. 5, 6). It was decided that the anatomy of the outflow tract did not permit Melody valve implantation. After a few months a transvenous pulmonary Sapien Edwards valve (26 mm) was implanted. Before the procedure the size of the right ventricular outflow tract and pulmonary trunk were assessed with a 30 mm balloon. The diameter at the narrowest place was 20 mm. Valve implantation was preceded by stent implantation on the BIB 24 mm balloon. Echocardiographic examination performed on the day following the procedure showed traces of pulmonary re gurgitation and a transpulmonary valve gradient of 26/12 mmHg. The patient was discharged home on the 3 rd day after the procedure.
Discussion
Transcatheter pulmonary valve implantation is an alternative to previously used surgery. It is less invasive, with a lower periprocedural risk (especially in a patient after a few surgical interventions) and with a much shorter hospital stay, which is of high significance in active patients such as most patients after congenital heart surgery. Late pulmonary valve dysfunction is a very common problem in patients after surgery including reconstruction of the right ventricular tract. The most numerous group consists of patients after correction of tetralogy of Fallot, pulmonary atresia, and Rastelli or Ross procedures. Conduits used for the reconstruction (usually pulmonary homografts, less frequently xenografts (Contegra) or aortic homografts) undergo degeneration in the course of several years which leads to right ventricular outflow tract stenosis. Ventricular outflow tract reconstruction using a transannular patch or a "monocusp" valve causes pulmonary regurgitation even directly after the procedure. In patients with right ventricular outflow tract dysfunction very good results are obtained after Melody valve implantation [2, 6] . A major limitation of this method is the size of the valve, as it may be maximally expanded to 22 mm. In most patients with a transannular patch used for the reconstruction as well as in many patients with pulmonary homograft the dimensions of the right ventricular tract are larger and therefore exclude the use of a Melody valve. The valve used for transcatheter aortic valve implantation was implanted in the pulmonary position for the first time in 2006 [3] . Experiences with this type of valve in the pulmonary position are scarce and limited to descriptions of a few cases after correction with the pulmonary homograft, mostly with predominant stenosis [7, 8] . The procedures performed in the Institute of Cardiology on 29.04.2011 are among the first in Europe. In the case of the second patient the Sapien Edwards valve was implanted into the right ventricular outflow tract reconstructed with a transannular patch (with a "monocusp" pulmonary valve). So far there are only a few described cases of transcatheter pulmonary valve implantation in patients without a complete conduit (with the native right ventricular outflow tract or with a transannular patch): this was the Melody valve in 6 cases [2, 6] . So far there is only one described case of SE valve implantation into the native outflow tract. The procedure was performed in a 26-year-old female patient with pulmonary atresia, after surgical pulmonary valvulotomy, with severe pulmonary regurgitation, in whom a poor clinical condition enabled the surgical approach. The transcatheter procedure was performed in two steps -the valve was implanted a few months after the implantation of a metal stent [9] . The SE valves create a possibility for transcatheter treatment in patients with a wider right ventricular outflow tract in comparison to those qualified for Melody valve implantation. The KW case shows that this type of valve may also be used in selected patients without a complete conduit in the right ventricular outflow tract. This is extremely important as pulmonary regurgitation is most often present in patients with a transannular patch [8] . 
